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ABSTRACT 
 
The aim of the research is to determine the most accurate, reliable and low cost 3D 
modeling software for 3D modeling of craniofacial hard tissue data (skull). The 
software namely RapidForm2004, 3D Doctor and 3D Slicer were used to generate the 
3D model of the skull from Computed Tomography (CT) scan raw data. The similar 
CT scan dataset was also process using high quality MIMICS software, where the 3D 
model of the skull was selected to be a “gold standard”. The accuracy analysis 
involved with the deviation analysis between the 3D model generated by the test 
software and the gold standard. For reliability analysis, the 3D modeling process (in 
each software) was repeated five times and the RMS value of the deviation with the 
gold standard was calculated.  
 
 
1.0 Introduction 
 
In medical imaging field, the most accurate, reliable and low cost 3D 
modeling software for 3D modeling of skull is very important and needed for 
surgeon. Such a model can be used in plastic surgery and its related disciplines, 
forensic medicine, anthropology, orthodontics, psychology, surgical simulation, face 
recognition and in many other applications (El-Hussuna, 2003). This research was 
using RapidForm2004, 3D Doctor and 3D Slicer software to generate 3D model for 
craniofacial hard tissue. The 3D models from Mimics (gold standard) come from 
Standard & Industrial Research Industrial Malaysia (SIRIM). Using RapidForm2004, 
the software converts data from any 3D scanning device (such as laser, white-light, 
moire, CT/MRI, touch probe or any other) into high quality polygon mesh, accurate 
freeform NURBS surface, or geometrically perfect solid models (Halim et al, 2005). 
Besides, 3D Doctor is an advanced 3D modeling, image processing and measurement 
software for MRI, CT, PET, microscopy, scientific, and industrial imaging 
applications. This software creates 3D surface models and volume rendering from 2D 
cross-section images in real time (Able Software Corp, 2003). User must have a 
license from software developer before using RapidForm2004 and 3D Doctor 
software. 3D Slicer is freely available, open-source software for visualization, 
registration, segmentation, and quantification of medical data. The software uniquely 
integrates several facets of image-guided medicine into a single environment. It 
provides capabilities for automatic registration (aligning data sets), semi-automatic 
segmentation (extracting structures such as vessels and tumors from the data), 
generation of 3D surface models (for viewing the segmented structures), 3D 
visualization, and quantitative analysis (measuring distances, angles, surface areas, 
and volumes) of various medical scans. User can download this software through the 
internet. Materialise's Interactive Medical Image Control System (Mimics) is an 
interactive tool for the visualization and segmentation of CT images as well as MRI 
images and 3D rendering of objects. Mimics is a fully integrated, user-friendly 3D 
image processing and editing software based on scanner data. The software imports 
scanner data in a wide variety of formats and offers extended visualization and 
segmentation functions. This software used as the gold standard model because of 
their textured image is quite good compare to the other software but the software is 
more expensive. 
 
 
2.0 Method 
 
Figure 1 is showing the methodology for this research. Firstly, data and 3D 
model acquisition was done to get the CT scan raw data and 3D model from Mimics 
software. Then the software namely RapidForm2004, 3D Doctor and 3D Slicer were 
used to generate the 3D model of skull from Computed Tomography (CT) scan raw 
data. For reliability analysis, the 3D modeling process was repeated five times for 
each software. After that, each of the 3D skull model will be imported and registered  
 
 
 
 
 
Figure 1: Research Methodology 
 
with Mimics model using RapidForm2004 software. Then, the comparison of the 3D 
skull will be done for each 3D software between Mimics and RapidForm2004, 
Mimics and 3D Doctor and Mimics and 3D Slicer. Finally, statistical analysis will be 
done to get the value of average distance, standard deviation, root mean square 
(RMS) and variance for the comparison of 3D skull model.  
 
 
2.1 Image Processing to Generate 3D Model for Craniofacial Hard Tissue 
 
3D model for skull will be generated using three software i.e 
RapidForm2004, 3D Doctor and 3D Slicer. Figure 2 show the process to generate the 
3D skull model. The image pixels (grayscale and color) come from CT scan raw data 
in Digital Imaging and Communications in Medicine (DICOM) format will be 
classified into separate colour groups based on their colour and textured information 
using a clustering algorithm. Then, image segmentation will be done to determine the 
part which is needed for the 3D model of the skull. Segmentation is the process that 
separates an image into its important features (primitives) so that each of them can be 
addressed separately (Karangelis et al, 2002). The segmentation process to generate 
the 3D skull model for craniofacial will be done using threshold technique. Then, 
image contouring will be done before the 3D model was generated. After all the 
process was done, the 3D skull model will be showed and editing process will be 
done for post processing. 
 
 
 
 
 
Figure 2: Process to Generate 3D Model for Skull 
 
 
2.2 Model Comparison 
 
The skull comparison for each software with Mimics is to determine the most 
accurate, reliable and low cost 3D modeling software for 3D modeling of craniofacial 
hard tissue data (skull). The accuracy analysis involved with the deviation analysis 
between the 3D model generated by the test software and the gold standard. For 
reliability analysis, the 3D modeling process was repeated five times for each 
software and the RMS value of the deviation with the gold standard was calculated. 
Figure 3 show the step to compare 3D skull model for each software with MIMICS 
using RapidForm2004 software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Model Comparison 
 
Firstly, 3D model for skull i.e 3D Slicer’s model and 3D model from Mimics 
software will be imported into RapidForm2004 software. All the 3D models will be 
registered with each other using initial registration and fine registration. The 
registration process between 3D slicer’s model and Mimics’s model was using 
Iterative Closest Point (ICP) algorithm. ICP algorithm attempts to register a pair of 
range images by defining a metric describing the amount of error in a candidate 
registration. Finally, shell deviation will be done to get the value of average distance, 
standard deviation, RMS and variance. This process was repeated five times for each 
software for reliability analysis. Using that value, statistical analysis for this research 
can be done. 
 
 
3.0 Results and Analysis 
 
This research was come out with some result after the comparison was done. 
Figure 4 show the 3D skull models that was generated with 3D softwares i.e 
RapidForm2004, 3D Doctor, 3D Slicer and Mimics.  
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Figure 4: 3D Model for each Software 
 
After the 3D models was processed using RapidForm2004, 3D Doctor and 3D Slicer 
software, the comparison with Mimics model will be done using RapidForm2004 
software for each model. Figure 5 show the sample of shell deviation’s result for 
Mimics and 3D Doctor’s model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Shell deviation process  
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In Figure 5, the graph show a few colour i.e blue, green, yellow and red which is 
referring to the error of the skull model while registering process was done. The blue 
colour in the skull meaning that there are a few errors after registering between two 
skull model and the red colour refer to error which is bigger than the blue colour.  
 
Table 1 and Table 2 show all the result for the comparison of skull such as average 
distance, standard deviation, root mean square (RMS) and variance. From this 
analysis, the result show that 3D slicer is the best software that most accurate, 
reliable and low cost 3D modeling software for 3D modeling of craniofacial hard 
tissue data (skull).  
 
 
 
Table 1: Comparison between 3D Model (RapidForm2004, 3D Slicer, 3D Doctor) 
with Mimics 
 
 
 
Table 2: Comparison Between 3D Slicer - RapidForm2004 and                                
3D Slicer - 3D Doctor 
 
 
4.0 Conclusion 
 
This study focused on comparison of three software with Mimics to 
determine the most accurate, reliable and low cost 3D modeling software for 3D 
modeling of skull. The results obtained 3D model for each software, average 
distance, standard deviation, RMS and variance. The 3D modeling and analysis 
results were presented in the suitable forms. From this analysis, the result show 
that 3D slicer is the best software that most accurate, reliable and low cost 3D 
modeling software for 3D modeling of craniofacial hard tissue data (skull).   
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